Objective To explore the feasibility and efficacy of hysteroscopic excision of myometrial adenomyotic lesions.
Introduction
Adenomyosis is a common gynaecological disease with a morbidity of 8-27% in women of reproductive age. 1, 2 Hysterectomy has been the main mode of treatment for adenomyosis. 3 Recently, with decrease of onset age and the increasing desire to preserve the uterus even among older women, conservative surgery has emerged as a popular treatment. Hysteroscopy has replaced old and/or invasive techniques, and has become a standard in gynaecological practice and has considerable advantages, such as less postoperative pain, shorter hospital stay and shorter recovery time. 4 Hysteroscopic surgery has a better ability to remove submucous myomas and partially intramural myomas, keeping the outer myometrium intact and preserving the uterus. 4, 5 However, only a few case reports have described hysteroscopic excision of myometrial adenomyomas or the diagnosis of adenomyosis by biopsy. [6] [7] [8] [9] [10] Here, we introduced transcervical resection (TCR) of intramural adenomyosis.
Materials and methods

Participants
From October 2012 to October 2014, patients with symptomatic adenomyosis who were willing to preserve their uterus and had no fertility desire were included in this WX and DZ contributed equally to this work. study. Adenomyosis was diagnosed on the basis of medical history, physical examination, diagnostic transvaginal ultrasound (TVS) scan, magnetic resonance imaging (MRI), and the diagnosis was confirmed by postoperative pathology ( Figure S1 ). 11 The following exclusion criteria were applied: pregnancy, precancerous condition or malignant lesion in a productive organ, deep infiltrative endometriosis (DIE) or ovarian endometriosis, pelvic inflammatory disease, postmenopausal status, or the patient declined to participate. Additionally, patients treated with gonadotropin-releasing hormone (GnRHa), except those who stopped taking GnRHa and had at least one menstrual cycle before the surgery, were excluded from this study.
Data collection
Patient information, including sociodemographic characteristics, type of adenomyosis, final postoperative pathological diagnosis, intraoperative and postoperative parameters, and length of hospital stays, were collected. Menstrual blood loss was assessed using the Mansfield-Voda-Jorgensen menstrual bleeding scale (MVJ) ranging from 1 (spotting) to 6 (gushing). An MVJ score equal to or >5 is considered hypermenorrhoea. 12 A visual analogue scale (VAS) was used to evaluate the degree of menstrual pain (0, no pain; 1-3, mild pain; 4-6, moderate pain; 7-10, severe pain). 13 The uterine size was measured by TVS a[uterine volume (cm 3 ) = length (cm) 9 width (cm) 9 height (cm) 9 0.523].
14 Haemoglobin level <120 g/l was defined as anaemia. 15 The serum CA125 levels were determined by enzyme-linked immunosorbent assay (ELISA) using a sandwich ELISA kits (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions (normal CA125 level, ≤35 U/ml).
Surgical procedure
One skilled surgeon performed transabdominal ultrasound-guided resectoscopic adenomyomectomy. The operation was performed using a TCR resectoscope (Ch. 26 model WA22061 with a 12°optic 22001A) equipped with a 3-mm-deep and 5-mm-wide loop (Olympus, Germany), and 0.9% NaCl was used as the irrigant under 120 mmHg intrauterine pressure. After general anaesthesia, we used a cutting loop to resect the lesions repeatedly and progressively with the standard electroresection. Two-dimensional transabdominal ultrasound guidance was used to assist the hysteroscopic excision and was performed by a doctor. Bladder filling was performed with 300 ml of saline serum (9%) to optimize visualization. The surgical procedure is presented in Video S1. Under ultrasound guidance, the first step was to evaluate the features of the uterine cavity, such as irregular endometrium with endometrial defects ( Figure S2A and B), hypervascularization ( Figure S2C ), strawberry pattern ( Figure S2D ) or cystic haemorrhagic lesions ( Figure S2E ) on the endometrial surface. Firm white intramural lesions or intramural endometriomas were exposed during resection and lacked typical myometrial structure ( Figure S2F ). Openings of endometriotic lesions opened and closed like the mouth of a fish with the pulsing change in distension pressure ( Figure S2A and B). There were some differences between the opening of endometriotic lesions and the proximal opening of tubal ostia. Upon cutting the endometrium covering the adenomyotic lesions, pink ectopic endometrial lesions in the myometrium were exposed ( Figure S3A ). The ectopic endometrium and adenomyotic lesions in the myometrium were then gradually resected ( Figure S3B and C) . During the resection of lesions, several intramural microcysts with wide bases were revealed ( Figure S3D and E). Opening the microcyst resulted in the outflow of a thick brownish fluid, mostly old blood ( Figure S3F ). We then resected the endometrium-like tissue and microcysts with the loop. During resection, the myometrial vessels were coagulated to avoid excessive fluid absorption ( Figure S4A ). During the procedure, several intramyometrial diverticula were discovered ( Figure S4B ), and blood came through the openings ( Figure S4C ). After fluid drainage, an internal view of the microcyst revealed the presence of pink ectopic endometrium-like tissue ( Figure S4D ). After fluid drainage, the lacunae were cut. The loop was used to gradually resect the ectopic endometrium and adenomyotic lesions. Thereafter, the distension fluid flowed into the defects that appeared on the posterior uterine wall. As shown in the figure, the defects gradually enlarged under ultrasonic monitoring ( Figure S4E ). Then the electric loop was used to excise the endometrium covering the adenomyosis lesions in the uterine wall. The endometrial covering was excised to reveal the adenomyotic lesions. Then the ectopic endometrium and adenomyotic lesions in the myometrium were gradually resected. During the resection of lesions, several intramural microcysts with wide base were revealed. The endometrium-like tissue and microcysts were resected with the electric loop. During resection, the myometrial vessels were coagulated to avoid excessive absorption of fluid. After fluid drainage, the lacunae were cut. The loop was used to gradually resect the ectopic endometrium and adenomyotic lesions. Thereafter, the distension fluid flowed into the defects that appeared on the posterior uterine wall. The operation was considered complete when the pink fasciculate structure of the myometrium appeared. To prevent perforation and determine the margin of the lesion, we took the resectoscope back to the cervix. The cavity was filled with distension solution, and we evaluated the margins of the uterus and the lesion by sonohysterography. The procedure would stop if any complications occurred or if the estimated fluid deficit was more than 1 l.
Follow-up
The surgical efficacy was evaluated according to the serum CA125 level, uterus size, and the severity of dysmenorrhoea and hypermenorrhoea before and at 3, 6, 12, 18 and 24 months after the surgery. MRI was used to perform a 12-month assessment of treatment response. The pre-and postsurgical VAS and MVJ scores were compared, and treatment response was classified into four categories (partial relief, obvious relief, complete relief, and aggravation). 16 The clinical remission rate was determined as the sum of the remission rate recorded at different visiting times. Postoperative amenorrhoea was defined as the absence of menstrual bleeding for at least 12 months after surgery.
Statistical analysis
Statistical analysis was performed using GraphPad Prism 6.0 (GraphPad Software, CA, USA). Data were presented as the means AE standard deviation and were compared using the unpaired t-test. A P-value of <0.05 was considered statistically significant.
Results
Baseline data
In this study, we included a total of 55 women with myometrial adenomyosis. Finally, 51 women completed the study after excluding four patients due to incomplete information ( Figure S5 ). The baseline characteristics of all participants are shown in Table 1 . Thirty-six patients have had medication treatment failure. The mean menstrual period lasted 10.0 AE 4.6 days. Among the 51 patients, 42 suffered from menorrhagia. Of these, eight, 14 and nine patients had mild, moderate and severe anaemia, respectively, with the lowest haemoglobin concentration of 59 g/l. Table 2 presents the results of the hysteroscopic resection. Endometrial excision was performed in 10 patients during the hysteroscopic procedure. The mean operation time was 35.7 AE 20.1 minutes and the mean blood loss was 24.2 AE 18.5 (15-70) ml. There were no severe intraoperative complications or hysteroscopic complications, such as water intoxication and gas embolism. Uterine perforation occurred in one case. In this case, intraoperatively, we found lesions in the posterior wall of the uterus and a defect with a diameter of 0.5 cm in the uterine serosal layer of the posterior wall, indicative of uterine perforation. At that time, as we had removed most of the lesions, we decided to withdraw instruments and stop the surgery. Thereafter, we conservatively treated the uterine perforation successfully. There were no postoperative complications in the 51 patients. None of the patients was given any antibiotics. The median weight of the resected tissue was 54.4 AE 46.9 g.
Surgical data
Effectiveness of surgery
The mean MVJ score decreased significantly after the surgery ( Figure S6A ; P < 0.001). Of the 42 women with GnRH, gonadotropin-releasing hormone. *Data were presented as mean AE standard deviation (range). **A patient may have undergone two or more abdominal surgeries, thus the sum is greater than the number of patients. (Table 3) . Among the 10 patients (mean age ≥46 years) who underwent endometrial resection during the same procedure, four had amenorrhoea and one patient, who was 50 years old, underwent hysterectomy because there was no improvement in her menorrhagia and MVJ score. The other five cases had less menstrual blood to different degrees. In general, there was no significant difference in the MVJ and VAS scores between patients who received endometrial resection and those who did not (P > 0.05, data not shown). For 40 women who suffered from dysmenorrhoea before treatment, the mean VAS score significantly decreased after the operation ( Figure S6B ; P < 0.001). The clinical effective rates among the patients with dysmenorrhoea were 95.0%, 92.5%, 87.5%, 86.8% and 86.8% at 3, 6, 12, 18 and 24 months after the operation, respectively (Table 4 ). Among the remaining 11 patients, six had mild dysmenorrhoea postoperatively with a VAS score ranging from 1 to 2, and no treatment was administered in these cases.
The uterine volume ( Figure S6C ; P = 0.01) and serum CA125 ( Figure S6D ; P < 0.001) levels both significantly reduced after the surgery. However, the uterine volume and serum CA125 level at 3, 6 and 12 months after the operation remained the same as the preoperative levels, but significantly decreased at 18 and 24 months after the operation (P > 0.05).
Four patients underwent another hysteroscopic resection because they experienced no improvement in symptoms. They all had diffuse lesions involving both the anterior and posterior uterine walls. After the second operation, two patients reported a significant reduction in the MVJ and VAS scores, while the VAS score of the other two patients dropped from 10 to 3 with an effective rate of 100% at 12 months after the second surgery. The clinical effective rate of menorrhagia at 12 months after the second surgery was 50%.
Two patients who were younger than 40 years and had relatively large uteri (235.1 and 264.0 cm 3 ) had diffuse lesions involving both the anterior and posterior uterine walls. Their serum CA125 concentrations were 172.1 and 272.8 U/ml, and their MVJ score and VAS score were 5 and 10 after operation. At 12 months after the operation, both patients underwent laparoscopic resection of adenomyotic lesion as the operation had resulted in only a slight decrease in the MVJ and VAS scores, and both women strongly wished to preserve the uterus. During the laparoscopic procedure, both were found to have concurrent DIE and severe pelvic adhesion. One of our study participants was a 50-year-old patient with menorrhagia with a haemoglobin concentration as low as 59.2 g/l before the first surgery and a uterine volume of 187.4 cm 3 . MRI showed diffuse lesions involving the whole uterus. The amount of menstrual bleeding had significantly decreased within 6 months of the operation, but it increased at 9 months to more than the preoperative amount. Therefore, we performed a hysterectomy 1 year after the hysteroscopic surgery.
Discussion
We demonstrated the clinical feasibility of hysteroscopic TCR to treat symptomatic myometrial adenomyosis. The intraoperative and postoperative safety and low recurrence rate of menorrhagia and dysmenorrhoea during the 2-year follow-up demonstrated the potential applications of *The efficacy of hysteroscopic treatment on menorrhagia was measured among women who suffered from menorrhagia before the surgery (n = 42). Menorrhagia refers to MVJ score equal to or greater than 5. **The number of patients who got a relief in menorrhagia. ***The clinical effectiveness was calculated by adding complete/obvious/partial relief rate of certain time point up. ****There are four cases that had undergone another hysteroscopic resection at 6th, 9th, 12th month after the operation for unimprovement in MVJ score or VAS score, and we followed up their menstrual conditions after the second hysteroscopic surgery. *****There are two cases that had undergone adenomyotic lesion resection under laparoscopy and hysterectomy, respectively. We did not continue the follow-up after that. Thus, we visited 39 patients at 18th and 24th month after the first operation.
hysteroscopy in treating adenomyosis, as reported previously. 1, 3, 5, 17 However, hysteroscopic surgery is confined to the uterine cavity, and affords surgeons limited space and view. Moreover, muscular tissue is thin and easily perforated; therefore, it is vital to choose patients carefully and ensure that the surgery is performed by a skilled surgeon. Here, seven patients received another surgery due to unsatisfactory outcome. Four of these patients underwent a second hysteroscopic surgery and got 100% relief from dysmenorrhoea and 50% relief from menorrhagia. Therefore, a second hysteroscopy can be considered for patients who do not have a satisfactory result the first time. All seven patients were diagnosed with diffuse-type adenomyosis involving all muscular layers. The depth of the adenomyotic lesions limits the treatment outcome. As the ectopic endometrium invades the myometrium deeply and widely and even the adenomyotic structures are localized in the outer intramural third, it is more difficult to completely resect the deep ectopic endometrium, resulting in no improvement in the symptoms of menstrual pain and bleeding. The most obvious advantage of hysteroscopic resection of adenomyotic lesions compared with other surgeries is that it is especially appropriate for adenomyosis that adenomyotic lesions located in the inner muscular layer and the uterine are small. Adenomyotic lesions can be completely resected if the ectopic endometrium is well identified. However, adenomyotic lesions are often unclear and diffusely distributed. Thus, it is difficult to remove them completely and relieve symptoms. Although those who had pelvic DIE or ovarian endometriosis had been diagnosed by physical examination, diagnostic TVS scan or MRI were excluded preoperatively, three patients in this study underwent another non-hysteroscopic surgery after the initial operation due to unsatisfactory outcome. During laparotomy or laparoscopic surgery, we found severe adhesion and pelvic DIE in two cases, indicating that it is difficult to diagnose DIE preoperatively. Moreover, we recommended laparotomy or laparoscopic excision for patients with diffuse-type adenomyosis or concurrent DIE to improve the efficacy.
Menorrhagia and dysmenorrhoea were significantly alleviated at every follow-up visit, while the decreases in uterine volume and CA125 were insignificant. This may be because few patients had extremely large uterus or abnormally increased CA125, and most lesions were located in the inner muscularis layer, making them easy to remove. Three cases underwent non-hysteroscopic surgery at 12 months after the initial operation, and we did not conclude the data after second surgery. The preoperative uterine volume and serum CA125 concentration of these three patients were higher than the mean values. At 3, 6 and 12 months after the surgery, the uterine volume and serum CA125 were almost unchanged. The clinical symptoms, uterine volume and serum CA125 concentration were improved after excluding the data of these three cases at 18 and 24 months.
Conclusions
Hysteroscopic excision of myometrial adenomyotic lesions is feasible, and may be effective in treating menorrhagia and dysmenorrhoea in women with adenomyosis.
Larger studies with long-term follow-up are required to confirm the long-term effects. *The efficacy of hysteroscopic treatment on dysmenorrhoea was measured among women who suffered from menorrhagia before the surgery (n = 40). **The number of patients who got a relief in dysmenorrhoea. ***The clinical effectiveness was calculated by adding complete/obvious/partial relief rate of certain time point up. ****There are four cases who had undergone another hysteroscopic resection at 6th, 9th, 12th month after the operation for unimprovement in MVJ score or VAS score, and we followed up their menstrual conditions after the second hysteroscopic surgery. *****There are two cases who had undergone adenomyotic lesion resection under laparoscopy for aggravated symptoms. We did not continue the follow-up after that. Thus, we visited 38 patients at 18th and 24th month after the first operation. Another 50-year-old patient was treated by hysterectomy at the 12th month for aggravated symptoms, and she was not one of the 40 patients in this table because she did not suffer from dysmenorrhoea.
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